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Abstract

Objective: The variations of thyroid hormones within normal ranges
are observed in different metabolic conditions. Considering available
data, levels of thyroid hormones change in obesity and type 2 dia-
betes mellitus (DM) in opposite ways. This study aimed to evaluate
thyroid hormone levels and free triiodothyronine-to-free thyroxine
(fT3/fT4) ratios in different glucose metabolism statuses of euthy-
roid patients with obesity. Material and Methods: This retrospective
study evaluated thyroid hormones and the fT3/fT4 ratio of 209 pati-
ents with obesity who were grouped according to their glucose me-
tabolism statuses. Results: One hundred and thirty-one (62.7%)
patients had normal glucose tolerance, 41 (19.6%) patients had pre-
diabetes, and 37 (17.7%) patients had DM. Serum fT4 level was
found to be higher in patients with DM compared to patients with
normal glucose tolerance (p=0.009), although no difference was ob-
served in serum thyroid-stimulating hormone and fT3 levels among
groups. FT3/fT4 ratio was determined to be lower in patients with
DM than patients with normal glucose tolerance (p=0.012). Hemog-
lobin Alc was independently and positively associated with fT4
(B=0.345, r>=0.119, p=0.003) and negatively associated with
fT3/fT4 ratio (B=-0.371, r>=0.138, p=0.001). Conclusion: Serum
fT4 level increased, and fT3/fT4 ratio decreased in patients with type
2 DM independent of the degree of obesity. The interaction of DM
with thyroid hormones in our cohort seemed to overcome obesity-
related changes in thyroid functions.

Keywords: Diabetes mellitus; fT3/fT4 ratio; obesity;
prediabetes; thyroid hormones

Ozet

Amag: Farkli metabolik durumlarda tiroid hormon diizeylerinde nor-
mal referans aralikta iken bile varyasyonlar gorilebilmektedir. Mev-
cut veriler, obezite ve tip 2 diabetes mellitustaki (DM) tiroid hormon
degisimlerinin farkli yénlerde oldugunu géstermektedir. Bu calismada,
obezitesi olan 6tiroid hastalarda farkli glukoz metabolizmasi durum-
larinda tiroid hormon diizeyleri ve serbest tiroksin/serbest triiyodoti-
ronin (sT3/sT4) oranlarinin dederlendirilmesi amaglanmistir. Gereg
ve Yontemler: Bu retrospektif galismada, glukoz metabolizmasi du-
rumlarina gére gruplandiriimis obezitesi olan 6tiroid 209 hastanin ti-
roid hormonlari ve sT3/sT4 oranlari degerlendirilmistir. Bulgular: 131
(%62,7) hastada normal glukoz toleransi, 41 (%19,6) hastada pre-
diyabet ve 37 (%17,7) hastada tip 2 DM mevcuttu. Serum sT4 di-
zeyleri DM’si olan hastalarda normal glukoz toleransi olanlara kiyasla
artmis olarak bulunmusken (p=0,009), gruplar arasinda serum tiroid
stimllan hormon ve sT3 dlzeylerinde fark izlenmemistir. ST3/sT4
orani ise DM’li hastalarda normal glukoz toleransi olanlara kiyasla
dustk idi (p=0,012). Hemoglobin Alc dizeyi sT4 ile bagimsiz pozitif
iliskili iken (B=0,345, r2=0,119, p=0,003), sT3/sT4 oraniyla bagim-
siz negatif iliskiliydi (8=-0,371, r?=0,138, p=0,001). Sonug: Tip 2
DM'’li 6tiroid hastalarda obezite derecesinden bagimsiz olarak serum
sT4 dlzeyleri artmig, sT3/sT4 orani ise azalmis olarak bulunmustur.
Kohortumuzda DM'ye ait tiroid hormon dedisimleri obeziteye bagli ti-
roid fonksiyonlarindaki degisimlere Ustiin gelmis gériinmektedir.

Anahtar kelimeler: Diabetes mellitus; sT3/sT4 orani; obezite;
prediyabet; tiroid hormonlari
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Introduction

Obesity and type 2 diabetes mellitus (DM)
are closely related health problems that af-
fect people at a rapidly increasing rate. Thy-
roid hormones are known to have a crucial
role in the regulation of energy homeosta-
sis, thermogenesis, and glucose metabolism
(1). Thyroxine and a small amount of tri-
iodothyronine are secreted from thyroid fol-
licles. Thyroxine is converted into its
bioactive form, triiodothyronine, by type 1
iodothyronine deiodinase in peripheral tis-
sues. The free triiodothyronine-to-free thy-
roxine (fT3/fT4) ratio indicates the
peripheral turnover of thyroid hormones.
Thyroid dysfunction is associated with im-
pairment in glucose metabolism and obesity.
The hypothesis of thyroid hormone varia-
tions within the normal reference range in-
fluencing metabolic conditions continues to
be investigated by researchers.

Thyroid hormone profiles can alter in pa-
tients with obesity as a consequence of the
adaptation process in resting energy expen-
diture (2). Some adipocyte-derived signals
are responsible for the initiation of this
adaptation. Obesity leads to a moderate in-
crease in serum thyroid-stimulating hor-
mone (TSH) with or without altering fT4 or
serum fT3 levels. A linear association was
also shown between weight gain and TSH in-
crease (3). Previous studies have also re-
vealed that serum fT3 level may be slightly
increased in patients with obesity (4,5).
Thyroid hormones also have significant ef-
fects on glucose metabolism through vari-
ous mechanisms. They produce an
enhanced expression of glucose transporters
(GLUTs) and potentiate the action of several
enzymes involved in gluconeogenesis (6).
Hepatic glucose output increases as a result
of increased production of GLUT-2 in the he-
patocyte membrane, and therefore it leads
to impaired glucose metabolism (7). Mean-
while, fT3 regulates pancreas beta-cell pro-
liferation and insulin secretion (8). The
positive association of the occurrence of
type 2 DM with fT4 and negatively associ-
ated with fT3 and fT3/fT4 ratio have been
established by several studies (9,10).
Considering the above-mentioned results,
thyroid hormone alteration in obesity and
type 2 DM do not occur in the same manner.
Changes in thyroid hormones in patients

having both obesity and impaired glycemic
status have not been established yet. With
the increasing interest in this topic, the cur-
rent study aimed to evaluate thyroid hor-
mones and fT3/fT4 ratio in different glucose
metabolism statuses of euthyroid patients
with obesity.

Material and Methods

This study was designed as a retrospective
and approved by Clinical Research Ethics
Committee (22.06.2021-90/01) of our insti-
tute following the principles of the Declara-
tion of Helsinki.

Three hundred and four patients with obe-
sity evaluated in the endocrinology outpa-
tient clinic between January 2018 and
January 2020 were assessed to be included
in the study inclusion. Primary and second-
ary hypothyroidism, hyperthyroidism, his-
tory of trauma, surgery, or radiation
exposure in the neck, drug use like lithium
and amiodarone (which can affect thyroid
hormones), severe hepatic or renal impair-
ment, pregnancy, and type 1 DM were the
exclusion criteria. Following the exclusion
criteria, 209 patients (18-65 years old) with
a body mass index (BMI) greater than 30
kg/m? were enrolled in the study.

The anthropometric measurements, includ-
ing BMI and waist and hip circumferences,
were acquired from clinical records. The pa-
tients were categorized according to glucose
metabolism status as patients with normal
glucose tolerance (NGT), DM, and predia-
betes. Either patients with newly diagnosed
or previously known DM were included in
the study. The diagnosis criteria of type 2
DM and prediabetes were based on the
American Diabetes Association (ADA) Dia-
betes Guideline (11). According to the ADA
guideline, the patients having either fasting
plasma glucose (FPG) 2126 mg/dL or 2-h
post-prandial glucose (PG) =200 mg/dL
during oral glucose tolerance test (OGTT) or
glycated hemoglobin Alc (HbAlc) =6.5%
are diagnosed with DM. Prediabetes is de-
fined as the presence of either FPG 100-125
mg/dL or 2-h PG during 75 g OGTT 140-199
or HbAlc 5.7-6.4%. In this study, FPG,
HbA1c, creatinine, alanine aminotransferase
(ALT), total cholesterol, triglyceride, low-
density lipoprotein cholesterol, high-density
lipoprotein cholesterol, TSH, fT4, and fT3
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levels of the groups were evaluated. Then
fT3/fT4 ratios of the patients were calcu-
lated. Reference ranges of thyroid hor-
mones were as follows: TSH, 0.38-5.33
mIU/L; fT4 0.58-1.6 ng/dL; and fT3 2.66-
4.37 ng/dL.

Statistical Analysis

Statistical analysis was performed using the
SPSS software version 21 (Chicago, IL). To
detect if the variables are normally distrib-
uted, analytic (Kolmogorov-Smirnov/
Shapiro-Wilk’s test) and visual methods
(histograms and probability plots) were
used. To compare categorical variables
among groups, the Chi-Square test was per-
formed. The parameters among the groups
were compared using the Kruskal-Wallis
test. The significance of pairwise differences
was determined through the Mann-Whitney
U test. Multiple comparisons were adjusted
using Bonferroni correction. Variables that

were not normally distributed were pre-
sented using the medians and interquartile
ranges (IQRs) 25 and 75 percentiles. To de-
termine a statistically significant difference,
p values less than 0.05 were based on. An
overall 5% type 1 error level was used to
infer statistical significance. Estimation of
both correlation coefficients and their signif-
icance in the investigation of correlations
between thyroid parameters and other vari-
ables were performed through the Spear-
man’s test. A multiple linear regression
analysis was carried out to identify the in-
dependent factors for thyroid hormone pa-
rameters. Appropriate residual and good
ness-of-fit statistics were used to assess a
model fit.

Results

Three hundred and four patients with obe-
sity were considered for the eligibility of in-
clusion. Figure 1 presents the flowchart of

Patients with obesity
(n=304)

/ * Hypothyroidism (n=18)
* Hyperthyroidism (n=8)

* Pregnancy (n=1)
* Thyroid surgery(n=2)

* Drug use affecting thyroid hormones (n=5)

* Missing data of any of thyroid hormones (n=59)
\_ °* Severerenal impairment(n=2) /

Eligible patients for inclusion
(n=209)

Figure 1. Flowchart of patient inclusion.
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patient inclusion. Finally, 209 patients with
obesity were grouped according to their glu-
cose metabolism statuses.

One hundred and thirty-one (62.7%) pa-
tients had NGT, 41 (19.6%) had predia-
betes, and 37 (17.7%) had DM. Among the
patients with DM, 2 (4.9%) patients were
newly diagnosed, and 35 (85.3%) of them
were previously diagnosed with DM. BMI
and waist/hip ratio were similar among the
three groups (p>0.05). Patients with DM
were older than subjects with NGT and pre-
diabetes (p<0.001, p=0.005, respectively).
One hundred and five (80.2%), 26 (63.4%),
and 36 (70.3%) patients in the NGT, predi-
abetes, and DM groups, respectively, were
female. Gender composition was similar
among groups.

A significant difference was observed in
FPG and HbAlc levels among groups
(p<0.001 for each; on comparing patients
with NGT and DM, NGT and prediabetes,
and prediabetes and DM). Serum creati-
nine, ALT level, and serum lipid parameters
out of triglyceride were also similar among
the three groups (p>0.05 for each param-
eter). No difference was detected in triglyc-
eride levels on comparing NGT and
prediabetes groups, and prediabetes and
DM groups (p>0.05 for each). But serum
triglyceride was detected to be higher in
euthyroid patients with DM compared to
patients with NGT (p<0.001).

In the thyroid hormone analysis, no differ-
ence was determined in serum TSH and fT3
levels among groups (p>0.05 for each).
Serum fT4 level was 0.87 ng/dL (IQR 25-
75; 0.81-0.97) in the NGT group, 0.86
ng/dL (IQR 25-75; 0.81-0.96) in the predi-
abetes group, and 0.94 (0.89-1.1) in the
DM group. Serum fT4 level was higher in
patients with DM compared to that in pa-
tients with NGT and prediabetes (p=0.009,
p=0.018, respectively). FT3/fT4 ratio was 4
(IQR 25-75; 3.5-4.4), 4 (IQR 25-75; 3.4-
4.5), and 3.6 (IQR 25-75; 2.9-4.3), respec-
tively, in patients with NGT, prediabetes,
and DM. FT3/fT4 ratio was determined to be
lower in euthyroid patients with DM than
patients with NGT and prediabetes
(p=0.012, p=0.028, respectively). After an
adjustment following Bonferroni correction,
the differences in serum fT4 level and
fT3/fT4 ratio between patients with DM and

prediabetes were not statistically signifi-
cant. Baseline characteristics, laboratory
test results, thyroid hormones, and fT3/fT4
ratio of the subjects are presented in Table
1.

In correlation analysis, fT3/fT4 ratio was
found inversely correlated to HbAlc and age
(r=-0.157, p=0.039; r=-0.293, p<0.001,
respectively). While TSH and fT3 levels were
negatively correlated with age (r=-0.251,
p<0.001; r=-0.425, p<0.001, respectively),
a weakly positive correlation was observed
between fT4 level and HbAlc (r=0.161,
p=0.034). We also observed a negative cor-
relation between TSH level and waist/hip
ratio (r=-0.290, p=0.005).

Thereafter, we performed a multivariate re-
gression analysis to identify independent pa-
rameters for TSH, fT3, fT4, and fT3/fT4
based on a model considering age, gender,
BMI, waist/hip ratio, FPG, and HbA1lc as in-
dependent variables. When fT3 was the de-
pendent variable, age was a negative
independent factor of fT3 (B=-0.320,
r’=0.102, p=0.006). When fT4 was the de-
pendent variable, fT4 was independently
and positively associated with HbAlc
(B=0.345, r?=0.119, p=0.003). When
fT3/fT4 was the dependent variable, only
HbAlc was a negative independent factor
for the fT3/fT4 ratio (=-0.371, r>=0.138,
p=0.001). No independent association was
determined between TSH and other vari-
ables.

Discussion

The current study revealed that euthyroid
patients with obesity and DM had higher
serum fT4 levels and a lower fT3/fT4 ratio.
HbA1lc was determined to be positively as-
sociated with serum fT4 level and negatively
associated with fT3/fT4 ratio irrespective of
age, gender, and BMI of the included pa-
tients. Additionally, prediabetes did not con-
siderably alter thyroid hormones in our
study population.

Thyroid hormones have an essential role in
many metabolic pathways, including energy
homeostasis, thermogenesis, and lipid and
glucose metabolism (1). While thyroid dys-
functions are determined to be associated
with obesity and the impairment of glucose
metabolism, some considerable changes
have been observed in thyroid hormones of
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patients with obesity or type 2 DM, even in
euthyroid status (10,12,13). According to
the results of previous studies, the levels of
thyroid hormones change in obesity and
type 2 DM in opposite ways.

Thyroid hormone levels are compensatory
elevated in patients with obesity to increase
the resting energy expenditure (2). Obesity
is associated with an increase in fat mass
accumulation and an alteration in adipokine
distribution (14). Experimental studies on
animals have supported the data that in-
creased levels of leptin, a very well-estab-
lished altered adipokine in obesity, activates
the fT4 to fT3 transformation (15). Leptin
has also been found positively associated
with increased TSH levels in obese patients
(16). type 1 iodothyronine deiodinase activ-
ity has also been shown enhanced in white
adipose tissue in obesity (17). In several
studies, weight gain was determined to be
positively correlated to serum TSH levels
(3,18). Some studies have also revealed a
positive association between serum leptin
and TSH levels (19). A recent prospective
study stated that increased levels of fT3 and
fT3/fT4 ratio are related to both metaboli-
cally healthy and unhealthy obesity in a eu-
thyroid population (5). Accordingly, Nie et
al. have presented that subcutaneous fat ac-
cumulation is related to increased fT3/fT4
ratio and fT3 level in euthyroid subjects with
obesity (20).

In a study excluding DM, progressive cen-
tral fat accumulation was determined to be
positively related to serum TSH and fT3 lev-
els independent of insulin resistance (21).
Consequently, the vast majority of the stud-
ies have concluded that obesity affects thy-
roid hormones by increasing the circulating
TSH and fT3 levels.

Glucose metabolism is regulated by several
factors, including thyroid hormones. Stud-
ies in animals have revealed that thyroid
hormones activate many enzymes in the
gluconeogenesis pathway (6). Thyroid hor-
mones per se increase the synthesis of glu-
cose and its utilization by peripheral tissues.
T3, in addition to insulin, has been found to
regulate glucose transport of insulin-sensi-
tive tissues by increasing the expressions of
GLUTs, especially GLUT-4 (22,23). At the
molecular level, T3 potentiates the beta-

adrenergic system by stimulating cyclic
adenosine monophosphate and leads to in-
creased uptake of glucose (24). Experimen-
tal studies in rats have revealed that T3 has
a mitogenic effect on pancreatic beta cells
(25). In contrast to the proliferative effect
of T3, some other animal studies have
shown that high doses of T4 treatment de-
crease the pancreas insulin reserve and se-
cretion (26). Additionally, an increase in
levels of serum fT3 and fT4 lead to in-
creased absorption of glucose from the gas-
trointestinal system (27). Considering the
interaction between thyroid hormones and
glucose homeostasis, thyroid hormone-me-
diated alterations in insulin resistance and
DM have also been investigated. A study
conducted on two populations from Ger-
many and Denmark has demonstrated that
thyroid hormones are positively associated
with the incidence of prevalent type 2 DM
(27). The researchers of this study also
commentated that hyperthyroxinemia may
contribute to the pathogenesis of type 2
DM. A recent study revealed a higher fT4
level and lower fT3/fT4 ratio, in patients
having untreated type 2 DM compared to
the general population (9). This interesting
study also addressed that fT4 level is inde-
pendently and negatively associated with
the function of pancreatic beta-cells in eu-
thyroid subjects. Our results indicate that
the fT4 is independently and positively as-
sociated with HbA1lc and thus support these
findings. Likewise, another study from
China has also demonstrated a significant
increase in fT4/fT3 ratios of patients with
type 2 DM, especially in previously diag-
nosed ones (28). The minority of the re-
ports about this topic have presented
contrary results to this study. A higher T3
level and T3/T4 ratio were found to be pos-
itively associated with FPG and HbAlc in a
study population consisting of patients with
metabolic syndrome (29). Higher levels of
both fT3 and fT4 within normal limits were
found linked to insulin resistance and the
initiation of type 2 DM, according to a study
(30). The findings of change in TSH levels
in patients with DM are conflicting; while
some studies have found the association of
suppressed or elevated TSH levels with DM,
some of them are not (28,31,32). In the
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current study, we did not observe any
change in serum TSH levels among the
groups analyzed. The authors have ex-
plained these discrepancies in thyroid hor-
mone alteration with differences in the
study population and confounding factors of
the participants. Consequently, the findings
of the current study are concurrent with
those of the previous studies evaluating
thyroid hormones of patients with DM. How-
ever, limited data is available on the thyroid
hormone alterations in prediabetes. The re-
sults of a cross-sectional study have con-
cluded that insulin resistance is associated
with a high fT4 and low fT3/fT4 ratio in pre-
diabetic patients (33). Likewise, higher lev-
els of fT3 and fT3/fT4 ratio were found
related to impaired fasting glucose, al-
though higher fT4 level was associated with
impaired glucose tolerance (34). Low serum
fT4 levels in the euthyroid range have also
been found to be a risk factor in male pa-
tients (35). In our study, no difference was
observed in thyroid hormones in patients
with prediabetes conditions when compared
to those with NGT or type 2 DM.

Study Limitations

The smaller scale of subgroups was one of
the limitations of this study. Next, owing to
the retrospective design, some of the pa-
tients had to be excluded for missing data
on thyroid hormones. Additionally, the re-
sults of this study reflect data of only Turk-
ish patients evaluated at a single center and
should be corroborated with further studies
based on a different population.

Conclusion

Serum fT4 level increased, and fT3/fT4
ratio decreased in euthyroid patients with
type 2 DM independent of the degree of
obesity. In our cohort, the interaction of DM
with thyroid hormones seemed to over-
come obesity-related changes in the thy-
roid functions.
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